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Transforming growth factor-?, was localized by 
means of immunohistochemical reaction in liver 
bionsy specimens taken from patients having different 
chr tiic hver diseases with extending fibrosis. Two 
polyclonal antibodies that were produced in rabbits 
were directed against the amino terminal of trans- 
forming growth factor-p,. 

Staining by anti-CCd-SO) was primarily extracel- 
lular and located m the portal and periportal fibrotic 
areas of all seven cases with chronic active hepatitis. 
No staining was noted in the four chronic persistent 
cases studied. A strong reaction was seen with the 
antibody m nine of the ten cirrhotic samples, whereas 
it wrs negative m one inactive cirrhosis case and in all 
hvt ases with normal liver histological findings. No 
posi.ive staining could be detected by the anti-LC(l-30) 
in any of the liver tissues. 

Detection of transforming growth factor-B, in active 
iver diseases at the site of fibrosis suggests that 
transforming growth factor-p. might have a role in the 
process and progression of fibrosis during the devel- 
opment of the disease. (Hepatology 1991;14:269-273.) 

Increased deposition of extracellular matrix is a 
cha- tenstic change in several chronic liver diseases 
esp( ally m cirrhosis (1-4). The exact factors that are 
responsible for this accumulation are unknown. Consid- 
ering the similarities in histopathological features for 
cirrhosis and chronic hepatitis, as well as the polyetio- 
ogical origin of both, we considered common factors 
tnat could be responsible for fibrosis in the liver during 
several pathological conditions. One candidate for such 
transforming growth factor-p^ (TGF-p ) 

RrF-p IS a multifunctional growth factor. It is 

DhvT T • ^ ^" regulation of many 

Pny^ logical and pathological processes (5). The first 

^a.^'^? ^^^^ stimulation of wound 

neaiing (6). The deposition of extracellular matrix is the 
nost important event during the process of scar for- 
mation m the late phase of wound healing. For this 
eason, it was proposed that TGF-p, may have an 
nnuence on the metabolism of extracellular matrix 
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constituents In various experimental and in vivo pro- 
cesses, rCF-p, has been reported to cause an increase in 
the synthesis of different matrix components (collagen 
fibronectin etc.) 7) while also inhibiting their prX: 
lytic degradation (8, 9). Furthermore. TGF-B, has been 
reported to increase the number of receptors for extra- 

fhi«Si r^?^fnS'^P°"^''^' °" fibroblasts (10). Because 
the ability of TGF-p, to increase matrix accumulation in 
various fibrotic processes, TGF-p, may also have a direct 
tunction m the regulation of progressive liver fibrosis. 
1 here are some data supporting this idea in experi- 

nohistological methods to detect TGF-p, in human liver 
biopsy specimens from patients with progressive fibrotic 
liver diseases. 

MATERIALS AND METHODS 

In a retrospective study, we analyzed the needle biopsy 
specimens from 26 patients; 7 with CAH, 4 with chronic 
persistent hepatitis, and 10 with alcoholic HBaAg-negative 
cirrhosis. Five liver biopsy specimens in which no pathological 
alterations were seen were included as controls. The biopsy 
specimens were fixed in 8% neutral formaldehyde and em- 
bedded in paraffin. The diagnosis of liver disease was made 
„ ^5^"ed with hematoxylin and eosin, PAS, Gomorv 
and Mallory's trichrome procedures. 

Immunohistochemistry 

The antibodies used in this study were produced and 
anrpf r ^ "^P^-P' ^P^'^^fi^^y EllingswSrth eS. (ist 
"^'llf ^^^^-7^" P°ly^'°"«l a'^tisera were gen- 
erated in rabbits by two different synthetic preparations of a 

TP F ft^ nTT^T'Ji?^ *° 30 amino acids of 

natLVc • ' T**?^^ antisera give different staining 
patterns m several tissues and are believed to differentiate 
between the synthesized and activated forms of TGF-S in 
some experimental systems. Staining with anti-LC(l-30) is 
pnncipally intracellular, whereas that of anti-CC(l-30) is 
extracellular. It was suggested that anti-LC(l-30)-positive 
cells could be the sites of TGF-p, synthesis, whereL ant^ 
«irii, recognize activated TGF-3, (17). A computer 

search of the immunogen sequence revealed no homology with 
hve or more adjacent amino acids of any protein in the database 
with the exception of TGF-p, (18). Therefore it is unhkely that 
cross-reactivity with other proteins is responsible for the 
staining patterns. 

After deparaffinization, the blocking of endogenous perox- 
idase was performed in H^O.^methanol. Membrane perme- 



EXHIBIT D 




Fig. 1. Normal liver. Negative reaction with anti-CC( 1-30) anti 
(H & E; original magnification x 140.) 




Fig. 2. Chronic persistent hepatitis. Mild lymphocytic infiltration 
in the portal area. Negative reaction with anti-CC{l-30) antibody. 
(H & E; original magnification x200.) 



abilization was achieved by treatment of the sections vsdth 
proteinase K (2 \x.g/m\ in 20 mmol/L Tris, 2 mmol/L CaCLj, pH 
7.4) for 15 min at room temperature. Sections were then 
incubated for 2 hr in humidified chambers at room temper- 
ature with the IgG fraction of anti-CC(l-30) or anti-LC(l-30) 
antiserum (25 ^lg/ml). Binding was visualized by using a 
biotin-labeled Biogenenex anti-rabbit antibody, with diami- 
nobenzidine as the chromogen. Sections were counterstained 
with hematoxylin. On control slides, the primary antibody was 
replaced by normal rabbit IgG. 

RESULTS 

Anti'LCd'SO) Antibody 

Specific binding of anti-LC(l-30) antibody could not 
be detected on liver sections from healthy or diseased 



patients. Usually, we noted a fsdnt yellow stair \g 
overall with some darker spots independent of ae 
histological structures and diagnosis. 

Anti'CC(130) Antibody 

Normal Liver. The normal liver findings were essen- 
tially negative (Fig. 1). Occasionally, we noted a faint 
reaction over some sinusoidal cells or yellow stripes 
above portal triangles, but this staining was very weak 
and not significant. 

Chronic Persistent Hepatitis, In the four ci 9S 
studied, the result was similar to the normal livers. 
Positive immunostaining was not observed either on the 
normal liver structures or on the circumscribed inflam- 
matory lesions (Fig. 2). 

CAH, In each of the seven cases of CAH, a distinct 
positive reaction was seen in the area of portal and 
periportal inflammation (Figs. 3 and 4). The staining 
was almost exclusively extracellular, involving the pe- 
riphery of the liver lobules corresponding to the area'= of 
the piecemeal necrosis. At times, the stgdning i r- 
rounded the trapped hepatocytes. The pattern of immu- 
nostaining corresponded closely with the distribution of 
extracellular matrix material seen on slides stained by 
Mallory's trichrome method. In two cases, mild intra- 
lobular inflammation without fibrosis was observed. 
TGF-Pi staining was not detected in these areas of 
inflammation. 

Cirrhosis. Seven of the cirrhotic cases corresponded to 
the active florid cirrhosis. Heavy inflammatory reaction 
consisting mainly of lymphocytes was present in the t in 
septa surrounding the pseudolobules. Occasionally, b to 
10 hepatocytes formed groups that were surrounded by 
thin connective tissue fibers and infiltrated by inflam- 
matory cells. In these specimens the increased amount 
of extracellular matrix associated with inflammation 
was positively stained. The brownish yellow reaction 
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Fig. 4. CAH. Strong immunohistochemical reaction (black staining) 
in the area of portal and periportal fibrosis. (H & E; original 
magnification x 140.) 




Fig. 6. Inactive cirrhosis. Negative reaction in the septa. (H & E; 
original magnification x 140.) 




ppeared to circumscribe the pseudolobules (Fig. 5) and 
iso spread into the pseudolobules in places of pericel- 
lular fibrosis. 

Three cirrhotic patients had ''burnout'*, or inactive 
cirrhosis. The pseudolobules in these cases were circum- 
scribed by thick fibrotic bands with a mild lymphocytic 
infiltration. In one of these cases, the immunostaining 
was negative in repeated experiments (Fig. 6). TGF-p^ 
could be demonstrated in the two other specimens; 
however, its distribution was slightly different than in 
:tive cirrhosis. The thick fibrotic bands were primar- 
y negative except at the border between the paren- 
chyma and connective tissue (Fig. 7). The inflammatory 
reaction, and probably the active fibrogenesis, was 
also localized in this area. Where inflammation and 



fine fibrotic septa spread into the pseudolobules, the 
immunostaining was also positive (Fig. 8c). 

In three cirrhotic samples (one inactive and two 
active), a few endothelial (Fig. 8a) and sinusoidal lining 
cells (Fig. 8b) also reacted with the anti-CC(l-30) 
antibody. 

DISCUSSION 

TGF-p J was not detected by immunohistochemistry in 
normal human liver or in liver from patients with 
chronic persistent hepatitis. However, in liver biopsy 
specimens in which an active fibrotic process was 
observable, namely in chronic aggressive hepatitis and 
in cirrhosis, we found strong immunostaining for 
TGF-pj. The localization of TGF-pj corresponded quite 
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Fig, 8. Inactive cirrhosis. Positive intracellular staining can be seen 
in some endothelial (a) and sinusoidal lining (b) cells. The fibrotic band 
is stained only beside the parenchyma where inflammation and fine 
fibrotic septa spread into the pseudolobule. (H & E; original magnifi- 
cation x70.) 



well to the site of fibrosis or fibrogenesis. This result 
suggests a connection between TGF-Pi and fibrogenesis. 

It has recently been suggested that TGF-p^ may 
influence hepatic fibrogenesis through its effect on the 
collagen synthesis of fat-storing cells (11, 19). Nakat- 
sukasa et al. (12, 14) described increased expression of 
TGF-Pi and collagen type I. Ill and IV in a CCl^-induced 
rat liver fibrosis model. During the early stages of rat 
liver fibrosis, the increase in expression of the procol- 
lagen a, (I) gene followed that of TOF-P^. Their data 
suggest that TOF-p^, or at least its messenger RNA 
(mRNA), was produced locally in the fibrotic liver. 

In our cases, the immunostaining was mainly extra- 
cellular with the anti-CC(l-30) antibody. However, in 
three cirrhotic cases, we saw positive staining over some 
sinusoidal and endothelial cells. According to Thompson 
et al.'s (17) data, the anti-CC(l-30) antibody reacts with 
the active extracellular form of TOF-p^. In our earlier 
experiments (20), the same antibody reacted positively 
with the oval cells in rat liver that also contained the 
TGF-Pi mRNA according to our in situ hybridization 
data. Thus the positive cells in our recent human 
samples may be the site of TGF-P^ production. The value 
of this finding is limited because we found this cellular 
staining in only three samples. Considering the data 
from the literature, it seems reasonable to suggest that 
TGF-Pi may be produced by the liver's endothelial and 
sinusoid lining cells. Nakatsukasa et al. (12, 14), 
studying the TGF-Pi expression by in situ hybridization 
in their rat liver fibrosis model, localized the message in 
the endothelial, desmine-positive perisinusoidal and 
periductal cells. There are data from other experimental 
models that localize the TGF-P^ production in the 
endothelial and sinusoidal cells (21-23). The anti- 
LC(l-30) antibody is thought to recognize the intracel- 
lular inactive form of TGF-p^; however, similar to 



Thompson et al.'s ( 17) data, we could not see any positive 
staining with this antibody in the human liver. Czaja et 
al. (13) reported positive staining in mouse liver with the 
anti-LC(l-30) antibody in a schistosomiasis-induc i 
liver fibrosis model. It occurred predominantly in hepu- 
tocytes and to a lesser extent in endothelial and Kupffer 
cells. The reason for this difference is at present 
unknown. 

TGF-Pi expression is increased in the liver after 
partial hepatectomy (21). Its production can also be 
induced in the liver by several hepatotoxic chemicals, 
such as diethylnitrosamine, 2-acetylaminofluorene (20), 
CCI4 (12), aflatoxin, tetrachlorodibenzo-p-dioxin ar.d 
phenobarbital (unpublished observations). Hill et 1. 
(24) found an increased level of TGF-p^ expression n 
fetal rat liver, and by biological assay, they proved the 
presence of the protein as well. Strain et al. (25), 
stud)dngthe effect of TGF-p^ on human fetal liver cells, 
concluded that it may have influenced hepatocyte 
differentiation, as had been reported for other cell types. 
Our earlier in vitro and in vivo experimental results 
supported this hypothesis (20). Together these data 
imply that TGF-P^ may have a function in liver 
restoration after injuries induced by chemical, : 3- 
chanical or other means. However, after repeatedly 
occurring injuries or with the coexistence of different 
harmful effects, TGF-pi may be produced in large 
amounts or for extended periods. This may lead to 
pathological reactions, such as liver fibrosis or cirrhosis. 
Or, as we found in our rat hepatocarcinogenesis model 
(20), it may even play the role of endogenous promoter. 
If an increased amount of TGF-p^ in the liver is a 
common factor in cirrhosis caused by viral infections, 
alcohol consumption or other chemical injuries, and i it 
the same time it has endogenous promoter potenti.J, 
TGF-Pi may play a key role in the sequence of events 
from hepatitis to cirrhosis and in the development of 
HCC. 
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